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"11~ development of a  r e u s a b l e  and space-basable  o r b i t a l  t r a n s f e r  v e h i c l e  (OTV) 
n e c e s s i k a ~ e s  an i n t e g r a l  approach toward s t r u c t u r a l  and p r o p u l s i o n  subsystems 
design, Key d r i v e r s  i n c l u d e  g i m b a l / a c t u a t o r  l o c a t i o n ,  f eed  l i n e  gimbal p r o v i s i o n s ,  
and a c c e s s a b i l i t y  f o r  o r b i t a l  maintenance.  Recent s t u d i e s  have cons idered  t h e  u s e  
oi t o r o i 2 a i  tank c o n f i g u r a t i o n s  w i t h  t h e  e n g i n e ( s )  l o c a t e d  w i t h i n  t h e  c e n t r a l  
c d v i t y  of the t o r o i d .  The pr imary o b j e c t i v e  of t h a t  approach i s  t o  a c h i e v e  
r m i n u r n  s t a g e  l e n g t h .  Dependent upon eng ine  s i z e  and number, t h a t  concept  i n t r o d u c e s  
I4nLque v e h i c i e l e n g i n e  i n t e g r a t i o n  requ i rements  t h a t  n e c e s s i t a t e  s p e c i a l  d e s i g n  
c o c s d e r a t i o i ~ s .  Of p a r t i c u l a r  concern  i s  v e h i c l e  c e n t e r - o f - g r a v i t y  (CG) l o c a t i o n  
x l e n  t h e  p r o p e l l a n t  t anks  a r e  more t h a n  75% expended. A s i n g l e  eng ine  i n s t a l l a t i o n  
w L L 1  n e c r s s i ~ ~ a t e  moving t h e  eng ine  f u r t h e r  a f t  and /or  r e l o c a t i o n  o f  t h e  eng ine  
g ~ , n % a l  1 : ~ i n t  to accommodate v e h i c l e  c o n t r o l  r equ i rements .  P e n a l t i e s  a s s o c i a t e d  
w ~ t h  gl-mbal p o i n t  r e l o c a t i o n  w i t h o u t  i n c r e a s i n g  s t a g e  l e n g t h  o r  modifying t y p i c a l  
a2vanced engine concep t s ,  a s  w e l l  a s  a  method f o r  minimizing such p e n a l t i e s ,  a r e  
? resen ted  f o r  a s i n g l e  eng ine  t o r o i d a l  t ank  OTV c o n f i g u r a t i o n .  A l t e r n a t i v e  
: ? legra ted  v e h i c l e  s t r u e t u r e l e n g i n e  concep t s  a r e  a l s o  p r e s e n t e d  f o r  mul t i -engine 
c ~ n f i g t r r a t i o r a s .  F e a t u r e s  of t h e s e  p o t e n t i a l  concep t s  e r e  p r e s e n t e d  which i n d i c a t e  
Chc ricer Tor s u b s t a n t i a l  a d d i t i o n a l  s t u d y  of f e e d l i n e  gimbal a l t e r n a t i v e s  b e f o r e  
TlrmLy e s t a b l i s h i n g  advanced eng ine  d e s i g n .  
s i ?  3f v e h i c l e / e n g i n e  i n t e g r a t i o n  i s  addressed  i n  t h r e e  a r e a s ;  i n t e r f a c e s  
cal enii f u n c t i o n a l ) ,  i n s t a l l a t i o n  requ i rements ,  and r e l i a b i l i t y  appor t icnment  
number of eng ines  r e q u i r e d  t o  a s s u r e  m i s s i o n  comple t ion) .  Typ ica l  e lements  
ai each a r e a  a r e  p r e s e n t e d  below, 
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The n e c e s s a r y  v e h i c l e l e n g i n e  i n t e r f a c e s  a r e  d e f i n e d  by o v e r a l l  m i s s i o n ,  sys tem,  and 
performance requ i rements .  Although some i n t e r f a c e  requ i rements  a r e  s u t ~ j e c t  t o  
t r a d e  s t u d y  a n a l y s e s  ( i . e . ,  autogenous v s  he l ium p r e s s u r i z a t i o n ,  t h r u s t  v e c t o r  
c o n t r o l  (TVC) v s  Reac t ion  Cont ro l  System (RCS), once t h e  i n t e r f a c e s  a r e  d e f i n e d ,  
t h e i r  c h a r a c t e r i s t i c s  a r e  e s t a b l i s h e d  and i t  remains f o r  t h e  d e s i g n e r  t o  p rov ide  
an i n s t a l l a t i o n  t h a t  w i l l  s a t i s f y  o t h e r  program o b j e c t i v e s  ( i . e . ,  simplicity, 
a c c e s s a b i l i t y ,  c o s t ,  e t c . ) .  An e f f i c i e n t  o v e r a l l  c o n f i g u r a t i o n  can  be achieved i f  
o n l y  an  i n t e g r a t e d  approach toward v e h i c l e  s t r u c t u r e l e n g i n e  d e s i g n  i s  implezen ted .  
The o b j e c t i v e  of t h i s  paper  i s  t o  p rov ide  an  example of t h e  s i g n i f i c a n t  need f o r  
such an i n t e g r a t e d  d e s i g n  approach.  To accomplish t h i s ,  t y p i c a l  OTV c o n c e p t s ,  
which have been sugges ted  i n  p r i o r  s t u d i e s ,  a r e  used t o  i l l u s t r a t e  t h e  p o t e n t i a l  
problem a r e a s  t h a t  must be addressed  p r i o r  t o  advanced eng ine  d e f i n i t i o n .  
DISCUSSION 
A t y p i c a l  OTV concept  which h a s  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  i n  r e c e n t  y e a r s  
u t i l i z e s  a  c o n v e n t i o n a l  p r o p e l l a n t  s t o r a g e  t ank  f o r  LH , but  an  advanced t o r o i d a l  
t a n k  d e s i g n  f o r  LOp s t o r a g e .  A s i n g l e  eng ine  is  i n s t a f l e d  i n  t h e  c a v i t y  of t h e  
t o r o i d a l  t a n k  i n  o r d e r  t o  minimize s t a g e  l e n g t h  and Space T r a n s p o r t a t i o n  System 
(STS) launch c o s t s  and /or  maximize payload l e n g t h .  When o p e r a t i n g  i n  an  expendaSPe 
mode, w i t h  payload a t t a c h e d  forward,  t h i s  concept  i s  v i a b l e .  However, when 
o p e r a t i n g  i n  a  r e u s a b l e  mode wi th  s t a g e  r e t u r n  a f t e r  payload deployment,  t h e  
v e h i c l e  C .  G.  moves a f t  o f  t h e  eng ine  gimbal p o i n t  (assuming a  c o n v e n t i o n a l  eng ine  
d e s i g n  w i t h  f r o n t  end g imbal ) .  A p o t e n t i a l  s o l u t i o n  i s  t o  move t h e  eng ine  f u r t h e r  
a f t ,  h u t  t h i s  d e f e a t s  t h e  o r i g i n a l  o b j e c t i v e  of s h o r t e s t  s t a g e  l e n g t h .  An 
a l t e r n a t e  method, F igure  1 ( u s i n g  a  Rocketdyne e a r l y  RS-44 eng ine  v e r s i o n  a s  an 
example),  i s  t o  add a  t h r o a t  gimbal k i t  which p rov ides  a  "pseudo" gimbal a x i s  
about  t h e  eng ine  t h r o a t .  I n  t h i s  c o n f i g u r a t i o n  t h e  t h r u s t  l o a d s  a r e  s t i l l  
t r a n s m i t t e d  through t h e  power head and t h r u s t  s t r u c t u r e  i n t o  a  b e a r i n g  p l a t e  on t h e  
v e h i c l e .  Some r e d e s i g n  o f  t h e  eng ine  t o  a t t a c h  t h e  t h r o a t  gimbal l i n k s  i s  of 
course  r e q u i r e d .  Another a l t e r n a t i v e  i s  t o  r e d e s i g n  t h e  eng ine  f o r  i n t e g r a l  
t h r o a t  gimbal and t h r u s t  l o a d  t r a n s f e r  ( i . e . ,  s i m i l a r  t o  t h e  Apollo S e r v i c e  Module 
Engine) .  Th i s  change would a l s o  n e c e s s i t a t e  r e l o c a t i o n  of t h e  feed  l i n e  i n t e r f a c e  
t o  t h e  t h r o a t  gimbal r i n g .  A comparison o f  t h e  sugges ted  eng ine  m o d i f i c a t i o n s  
a r e  p r e s e n t e d  below. 
PEDES TGN FOR THROAT GIMBAL REDESIGN FGR THROAT 
G THRUST LOAD TRANSFER GIMBAL WITHOUT 
--- 
THRUST LOAD TRANSFER 
@ Cl3NVEFIXlONAL GIMBAL STRUCTURE O COMPLEX GIMBAL STRUCTURE 
M A J O R  ENGINE REDESIGN @ MODERATE ENGINE REDESIGN 
@ KINOR WEIGHT IMPACT f4 MAJOR WEIGHT IMPACT 
Q FSED L I N E  SYSTEM-MINOR INCREASE @ FEED L I N E  SYSTEM-COMPLEX 
IT \ B I G H T  G COMPLEXITY & HEAVY WITH INCREASED 
@ L X I T E : D  POWER HEAD ACCESSABILITY HEAT LEAK 
@ EXTENDABLE NOZZLE IMPACT @ L I M I T E D  POWER HEAD 
ACCESSABILITY 
@ EXTENDABLE NOZZLE IMPACT 
7, LO resa lve  such i s s u e s ,  f u r t h e r  s t u d y  of g imba l / feed  l i n e  a l t e r n a t i v e s  a r e  
r z : ~ ~ [ ~ n i . ~ ~ d ~ d  p r i o r  t o  e s t a b l i s h i n g  advanced eng ine  c o n f i g u r a t i o n  requ i rements .  
"h-, reusable and space-basable  OTV i s  planned t o  evo lve  i n t o  a  man-rated system. 
In ori5sr to ach ieve  t h i s  o b j e c t i v e ,  t h e  i s s u e  of eng ine  r e l i a b i l i t y  and redundancy 
r c q ~ i r e a l c n t s  must be addressed .  The s i n g l e  engine r e l i a b i l i t y  w i l l  d i c t a t e  t h e  
number o f  eng ines  r e q u i r e d  t o  s a t i s f y  o v e r a l l  m i s s i o n  p r o b a b i l i t y  o f  s u c c e s s ,  
F ; ~ i ~ r e  2 .  Zn o r d e r  t o  meet manned m i s s i o n  r e q u i r e m e n t s ,  t h e  r e l i a b i l i t y  
sppork;oi:r-ient f o r  t h e  p r o p u l s i o n  system i s  i n  t h e  o r d e r  of 0 .999 .  A s  i n d i c a t e d  
,n %g..tre 2 ,  a two engine c o n f i g u r a t i o n  (wi th  on  eng ine  capab le  o f  accomplishing 
he nission) i s  e q u i v a l e n t  t o  a t h r e e  eng ine  c o n f i g u r a t i o n  ( w i t h  one eng ine  capab le  
o f  ~ c c n m p l i s h i n g  t h e  m i s s i o n )  and s u p e r i o r  t o  a  t h r e e  eng ine  c o n f i g u r a t i o n  ( w i t h  
tvirc eng ines  r e q u i r e d  t o  accomplish t h e  m i s s i o n ) .  A two eng ine  OTV concept  was 
herefore s e l e c t e d  t o  e v a l u a t e  v e h i c l e / e n g i n e  i n t e g r a t i o n  i s s u e s ,  
Gt:cn u s i n g  m u l t i p l e  eng ines  o f  RS-44 s i z e ,  t h e  e n g i n e s  can no longer  be i n s t a l l e d  
~ ~ - 1 ~ r n  :hc t c r o i d a l  t a n k  c a v i t y ,  F i g u r e  3 .  I n  t h i s  c o n f i g u r a t i o n  a  key i n t e g r a t i o n  
i s s u e  _ s  p r o p e l l a n t  f eed  l i n e  gimbal r e q u i r e m e n t s ,  I n  o r d e r  t o  i n t e g r a t e  t h e  
c ~ r r e n r i y  suggested RS-44 eng ine  i n t o  a  v e h i c l e ,  feed l i n e  gimbal must be 
a c c n c ~ p ; ~ s b e i I  upst ream of t h e  pump i n l e t s  l o c a t e d  on t h e  power head.  T h i s  would 
- -. r 7 t  ill complex l i n e  r o u t i n g s  w i t h i n  t h e  t o r o i d a l  c a v i t y  t h u s  p r o v i d i n g  l i m i t e d  
-cccis Cor assembly and/or  on-orb i t  maintenance.  I n  a d d i t i o n ,  t h e  g r e a t e r  
d r t l c u  a:ion o f  r e l a t i v e l y  long  l i n e  l e n g t h s  ( e s p e c i a l l y  i n  a n  engine-out c o n d i t i o n )  
, ~ ~ - t i a  - - robably  l i m i t  t o  two t h e  number o f  eng ines  t h a t  could  be i n s t a l l e d  wi thou t  
" 
slgnrr~cart i n c r e a s e  i n  s t a g e  l e n g t h .  A p r e f e r r e d  concept  may be t h a t  which h a s  
beeL orp'loy1.d on t h e  S T S  o r b i t e r  f o r  t h e  SSME; f eed  l i n e  gimbal downstream of t h e  
3 i 1 c  This  i n s t a l l a t i o n  could  be l i g h t e r  and s i m p l e r ,  and p rov ide  b e t t e r  
a c c e s s  f o r  sssembly and on-orb i t  check o u t  and maintenance.  Using t h i s  approach,  
the feel1 i i ~ e  gimbal sys tem would be inc luded  i n  t h e  advanced eng ine  d e s i g n .  T h i s  
: r ) n ~ t c p t  could a l s o  be b e n e f i c i a l  i n  t h a t  changes i n  p r o p e l l a n t  f low c h a r a c t e r i s t i c s  
r u L t i  reen l i n e  con tour  changes d u r i n g  gimbal can be e v a l u a t e d  d u r i n g  eng ine  
a n a ! j s c s ,  d e s i g n  and t e s t i n g .  P r o p e l l a n t  f eed  l i n e  gimbal f o r  c o n v e n t i o n a l  t ank  
d a s i i ; n  roiict?pts,  F igure  4 ,  have a l s o  been e v a l u a t e d  and s i m i l a r  r e s u l t s  o b t a i n e d .  
A g z i n ,  this i s  mainly due t o  t h e  l o n g e r  l i n e  l e n g t h s  r e q u i r e d  and g r e a t e r  f eed  
!icie a r t i c u l a t i o n  needed t o  s a t i s f y  t h e  engine-out c o n d i t i o n .  
CONCLUDING REMARKS 
The o b j e c t i v e  of t h i s  paper  i s  n o t  t o  recommend t h e  p o t e n t i a l  changes in advanced 
eng ine  d e s i g n  d i s c u s s e d  above,  b u t  r a t h e r  t o  emphasize t h e  need f o r  an  i n t e g r a t e d  
approach toward v e h i c l e / e n g i n e  d e s i g n .  Th is  i n t e g r a t e d  approach becomes even 
more n e c e s s a r y  when a e r o - a s s i s t  concep t s  a r e  c o n s i d e r e d ,  e s p e c i a l l y  f o r  those  
concep t s  t h a t  r e l y  on eng ine  f i r i n g  d u r i n g  a e r o - a s s i s t  maneuver. 
An on-orb i t  checkout and maintenance phi losophy must a l s o  be e s t a b l i s h e d  t o  
p rov ide  e f f e c t i v e  g u i d e l i n e s  f o r  eng ine  d e s i g n  and se l f -moni to r  requ i rements .  
With t h e  e x c e p t i o n  of o i l s  and g r e a s e s ,  t h e  a v i a t i o n  i n d u s t r y  t r e n d  i s  toward no 
scheduled maintenance between major o v e r h a u l s .  A s i m i l a r  o b j e c t i v e  might be 
cons idered  f o r  t h e  r e u s a b l e ,  space-basable  OTV. 
Engine redundancy, t h r u s t  l e v e l ,  t h r o t t l i n g ,  e t c .  r equ i rements  r e c a i r i  as open 
i s s u e s .  I f  p r o p e r l y  executed by t h e  s e l e c t e d  c o n t r a c t o r s ,  t h e  c u r r e n t l y  planned 
NASA MSFC OTV Concepts D e f i n i t i o n  and Systems A n a l y s i s  Study should p rov ide  answers 
t o  t h e s e  and most o t h e r  v e h i c l e / e n g i n e  i n t e g r a t i o n  i s s u e s .  I n  t h e  i n t e r i m ,  i t  
appears  p ruden t  t o  m a i n t a i n  a s  much f l e x i b i l i t y  a s  p o s s i b l e  i n  d e f i n i n g  an 
advanced c ryogen ic  eng ine  c o n f i g u r a t i o n .  
F i g u ~ r e  1. S i n g l e  Engine I n s t a l l a t i o n  f o r  T o r o i d a l  Tank Conf igura t  
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Figure  2 .  Engine Redundancy Requirements 
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Figure 4. Multiple Engine Installation for Conventional Tank Configuration 
